Objective-To investigate the relation between the position of the rearfoot and the distribution of forefoot plantar pressures and skin callosities in rheumatoid arthritis. Methods-Plantar pressures and callosity patterns were measured in 102 rheumatoid arthritis patients (120 feet with normal heel alignment and 84 feet with valgus heel alignment measured by goniometry) and in 42 (84 feet) age matched healthy adults. Peak pressures (kPa) were measured across the metatarsal heads in-shoe using an FScan system and the distribution of plantar callosities was visually mapped for each foot. Results-Peak pressures were significantly greater at all but the first metatarsal head in the rheumatoid normal heel alignment and healthy adult groups than in the rheumatoid valgus heel group. The feet of both the rheumatoid normal heel group and the healthy adult group behaved the same, the highest peak pressures registering on the central metatarsal heads. However, only in the rheumatoid group were plantar callosities found at these sites. In the rheumatoid valgus heel group, lateral metatarsal heads were frequently non-weightbearing, producing gross loading patterns with a dominant medial distribution. Peak pressures were shifted to the medial forefoot accompanied by a higher prevalence of callosities. The results, however, failed to establish clearly an association between peak pressures and callus formation. Conclusions-In rheumatoid arthritis there is an important interrelation between the rearfoot position and forefoot pressure sites. (Ann Rheum Dis 1996;55:806-810) The metatarso-phalangeal joints are commonly involved in rheumatoid arthritis. First symptoms frequently appear at this site and remain persistent through the course of the disease. Recognisable radiological pathology of these joints has been identified in up to 86% of patients.' Persistent synovitis can cause painful 
The metatarso-phalangeal joints are commonly involved in rheumatoid arthritis. First symptoms frequently appear at this site and remain persistent through the course of the disease. Recognisable radiological pathology of these joints has been identified in up to 86% of patients.' Persistent synovitis can cause painful symptoms, often described by patients as walking on (1) shoe sole construction is known to influence ground reaction forces and peak pressures during gait" 22; (2) medial heel counter stiffness can influence rearfoot pronation during gait."3
All subjects were given a warm-up period to acclimatise to the foot wear. Sensors were cut to fit the shoes and calibrated using body mass as the applied force. Subjects were then requested to walk along an open corridor and pressures were recorded when patients had reached normal walking speed. Given the range of physical disability present among the rheumatoid arthritis patients, no attempt was made to standardise walking speed and for all subjects a miniimum of five left and right steps were recorded. The system software was used to generate gross pressure patterns and peak pressures for individual metatarsal heads. Peak pressures were taken from the third step to be recorded. STATISCAL figure) . In the healthy adult group and the rheumatoid normal heel group, the highest peak pressures were found over the central metatarsal heads, while in the rheumatoid valgus heel group, peak pressures followed a medial to lateral distribution in order of magnitude. No statistically significant differences Metatarsal head 5 Peak pressures (kPa) across the metatarsal heads in the various study groups.
were seen in the peak pressures in the healthy control group or the rheumatoid normal heel group. Statistically significant differences were detected in peak pressures between the latter two groups and the rheumatoid arthritis valgus heel group at all except the first metatarsal head.
The gross loading patterns in table 4 show 27% of rheumatoid arthritis valgus heel feet have a medially dominant distribution pattern where one or more of the lateral metatarsal heads are non-weightbearing. The forefoot of five subjects were fully non-weightbearing in this group. Only a few feet in the rheumatoid normal heel group showed a dominant medial or lateral pattern.
To evaluate the relation between peak pressure and the occurrence of a plantar lesion, peak pressures were compared from each metatarsal head where lesions were present or absent (table 5). In both study groups and at all metatarsal heads, peak pressures were higher where lesions were present. In the valgus heel group only the second metatarsal head had a significantly higher peak pressure, this being 2.5 times greater in the presence of a lesion. In the normal heel group statisticaliy significant differences were seen at the second, third, and fifth metatarsal heads.
Discussion
The rheumatoid arthritis forefoot is vulnerable to raised peak pressures, which can be distributed across the forefoot in a range of patterns. The aetiology has been inherently associated with the pathological changes normally seen in the forefeet of rheumatoid arthritis patients.7'-2
We hypothesised, however, that rearfoot function may be an important mechanism contributing to the distribution and magnitude of peak pressures in rheumatoid forefoot. The results of our study support an interrelation between the two foot segments, with both the I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~8 gross loading pattems, peak pressure distributions, and callosity distributions favouring a medial to lateral pattern in the rheumatoid valgus heel group. This contrasts with findings from the normal heel rheumatoid group, who had normal central patterns compared to a healthy adult population.
Valgus heel is a progressive deformity caused by excessive pronation at the subtalar joint, and in rheumatoid arthritis this component of motion can be both three times greater than normal and last up to 100% ofthe stance phase ofgait.'7 24 Three factors have been identified as being potentially important in the aetiology of the condition: (1) recurrent synovitis in the subtalar joint, (2) weakness and laxity in supporting soft tissues, and (3) unchecked progression of early stance phase pronation.s ' The principal feature of the dysfunction is excessive and prolonged pronation, which imparts mobility to the mid-tarsal joint of the foot. While this may be necessary to cushion the impact forces to supportive structures as the foot initially bears weight, later, towards propulsion, the foot fails to become rigid and provides a less than effective lever for push off.24 This may be further compounded in rheumatoid arthritis in the long term, as joints become stiff in the presence of recurrent synovitis.
Valgus heel deformity is thought to redistribute load medially to the forefoot, altering the normal central pressure distribution pattern. The timing of the gait sequence within the foot makes this mechanism plausible although it is possible that the opposite effect may be equally important. Inflammatory pathology in the forefoot may alter patterns of muscular activity, perhaps through a modified pain avoidance gait, which could simultaneously bring about atypical forefoot pressure patterns and irreversible rearfoot changes. It is often difficult to determine the precise aetiology in individual patients; in our study, while an interrelation has been shown, a lack of adequate control in the study design prevents us from establishing any causal link.
In comparison with other studies we failed to show significantly raised forefoot pressures in the rheumatoid groups above normal healthy adult values. Furthermore, valgus heel rheumatoid patients showed significantly lower peak pressures at all but the first metatarsal head. While the highest peak pressures were recorded in rheumatoid arthritis subjects, on an individual basis zero pressure values were also found, indicating non-weightbearing metatarsal heads. Reanalysis of the data removing zero values failed to influence this unusual finding significantly. One possible explanation may be the modified gait patterns shown by these patients as part of their overall physical disability. Although not formally measured, the gait observed was slow with reduced single limb support times and increased double limb support times. These factors contribute to reduce vertical ground reaction forces and peak pressures during the stance phase period. In the rheumatoid arthritis normal heel group the median peak pressures were the same as in the normal healthy adult group, while in the valgus heel group-who had longer disease duration and were more severely disabled-the median peak pressures at all but the first metatarsal head were significantly reduced. At this one site the mechanical redistribution of pressure medially from the rearfoot dysfunction may have served to raise the peak pressure to normal levels.
In the rheumatoid arthritis valgus heel group three patients (five feet) presented with no evidence of forefoot loading. Two patients (four feet) presented with severe bilateral rigid valgus heel deformity, midfoot collapse, and dorsiflexed, abducted, and non-weightbearing forefeet. One patient reported severe unilateral forefoot pain with active avoidance of forefoot contact. It is thus possible for more complex pressure loading patterns to be generated as a product of rearfoot dysfunction and forefoot symptoms.
We found a direct relation between the distribution of peak pressures and callosities, suggesting that one can predict the other. However, the precise nature of the relation is unclear as peak pressures were higher at all sites where lesions were present but only reached statistical significance in four out of 10 instances. This would suggest that while pressure has a major role in the causation of skin lesions other factors may be equally important. In rheumatoid arthritis this could include the time during which a metatarsal head experiences abnormally high pressures, the patient's inability to vary the gait pattern and hence the frequency of loading at vulnerable sites, and local factors such as skin tissue viability.
In conclusion, both local bony and soft tissue pathology and rearfoot mechanical factors must be considered when interpreting forefoot pressures and pressure lesion patterns in the rheumatoid arthritis foot. Valgus heel deformity is related to a shift in peak pressures and pressure lesions from a normal central pattern to a medial forefoot pattern. Peak pressures may not always be raised relative to normal values, and any physical disability which modifies the gait should be considered.
The findings of the study may have important clinical implications, particularly where conservative mechanical treatment is indicated. By ignoring mechanical events in the rearfoot the opportunity could be missed to use functional foot orthoses, considered to be potentially more effective than simple insoles. These devices are popular among podiatrists because they are reported to re-establish normal motion in the rearfoot, reducing the harmful effect of pronation on the forefoot. A longitudinal study is under way in our department to evaluate this hypothesis.
